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A scanning optical apparatus includes a light 
source device, a first optical element for 
converting a beam emitted from the light source 
device to a converging light beam, a deflecting 
element for deflecting the beam emitted from the 
light source device, a second optical element for 
focusing the beam emerging from the first optical 
element in a linear shape longitudinal in a main 
scanning direction on a deflective face of the 
deflecting element, and a third optical element 
for focusing the beam deflected by the deflecting 
element in a spot shape on a scanned surface. 
The third optical element has a spherical lens 
and a toric lens in order from the side of the 
deflecting element, surfaces of the spherical lens 
comprise a meniscus shape of positive refracting 
power with a concave surface faced toward the 
deflecting element, and the toric lens has two 
lens surfaces formed in aspherical shapes in a 
main scanning section and comprising a 
meniscus shape of positive refracting power with 
a convex surface faced toward the deflecting 
element in the vicinity of a center of scan. 
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Optical Scanning equipment 

Description of corresponding document: EP0851261 



BACKGROUND OF THE INVENTION 



Field of the Invention 



The present invention relates to a scanning optical apparatus and, more particularly, to a scanning optical 
apparatus suitably applicable to devices arranged to deflect and reflect light optically modulated and 
emitted from light source means, by an optical deflector comprised of a rotary polygon mirror etc. and 
thereafter to make the light scan an area on a scanned surface through an Imaging optical system 
(f&thetas; lens) having the f&thetas; characteristic to record Image information thereon, for example, such 
as laser beam printer apparatus (LBP) or digital copiers having the electrophotographic process. 



Related Background Art 



In the conventional scanning optical apparatus such as the laser beam printers, the beam optically 
modulated according to an Image signal and emitted from the light source means is regularly deflected by 
the optical deflector, for example, comprised of a rotary polygon mirror (polygon mirror), the beam is 
converged in a spot shape on a surface of a photosensitive recording medium (photosensitive drum) by 
the imaging optical system having the f&thetas; characteristic, and the beam is made to optically scan the 
area on the surface to undergo image recording. 

Fig. 1 is a schematic drawing to show the major part of a conventional scanning optical apparatus, which 
is a cross-sectional view thereof in the main scanning direction. In the drawing diverging light emitted from 
the light source means 11 is converted into a nearly parallel beam by collimator lens 12, stop 13 limits the 
beam (quantity of light), and then the beam is incident to cylindrical lens 14 which has predetermined 
refracting power only In the sub scanning direction. The parallel beam incident to the cylindrical lens 14 is 
emergent in the state of parallel rays as it is, in the main scanning section. In the sub scanning section the 
beam is converged to be focused as a nearly linear image on a deflective surface (reflective surface) 15a 
of the optical deflector 15 comprised of the rotary polygon mirror (polygon mirror). 

Then the beam deflected by the deflective surface 15a of optical deflector 15 is guided through the 
imaging optical system (f&thetas; lens) 16 having the f&thetas; characteristic onto the surface of 
photosensitive drum 18 as a scanned surface and the beam is made to optically scan the area on the 
surface of photosensitive drum 18 by rotating the optical deflector 15 in the direction of arrow A, thereby 
performing recording of image information. 

In order to undergo highly accurate recording of Image information, the scanning optical apparatus of this 
type needs to be well corrected for curvature of field throughout the entire region of the scanned surface 
so as to have uniform spot diameters and needs to have distortion (the f&thetas; characteristic) for 
achieving the proportional relation between angle of incident light and height of image. A variety of 
scanning optical devices or correction optical systems (f&thetas; lenses) thereof satisfying such optical 
characteristics have been proposed heretofore. 

On the other hand, as the scale and cost of the laser beam printers, digital copiers, etc. are decreasing, 
the scanning optical apparatus is also required to decrease the same. 

For simultaneously meeting these demands, various scanning optical devices comprised of a single 
f&thetas; lens were proposed, for example, in Japanese Patent Publication No. 61-48684, Japanese Laid- 
open Patent Application No. 63-157122, Japanese Laid-open Patent Application No. 4-104213, Japanese 
Laid-open Patent Application No. 4-50908 (corresponding to United States Patent No. 5,111,219), and so 
on. 

Japanese Patent Publication No. 61-48604, Japanese Laid-open Patent Application No. 63-157122, etc. 
out of these patents and applications disclose that the parallel beam from the collimator lens is converged 
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on the surface of recording medium by use of a single lens with a concave surface on the optical deflector 
side as an f&thetas; lens. Further, Japanese Laid-open Patent Application No. 4-104213 discloses that a 
single lens with a concave surface on the optical deflector side and a toroidal surface on the image plane 
side Is used as an f&thetas; lens and a beam, which was converted Into converging light by the collimator 
lens, is made incident to the f&thetas; lens. Japanese Laid-open Patent Application No. 4-50908 
(corresponding to USP No. 5,1 1 1,219) discloses that a single lens with lens surfaces being higher-order 
aspherical surfaces is used as an f&thetas; lens and the beam, which was converted into the converging 
light by the collimator lens, is made incident to the f&thetas; lens. 

The conventional scanning optical devices as described above, however, had the following problems. In 
the apparatus of Japanese Patent Publication No. 61-48684, the curvature of field remains in the sub 
scanning direction; and, because the parallel beam is focused on the scanned surface, the focal length f, a 
distance from the f&thetas; lens to the scanned surface, is long, thus posing the problem that it is difficult 
to construct a compact scanning optical device. 

The apparatus of Japanese Laid-open Patent Application No. 63-157122 had the problem that it was 
difficult to produce the f&thetas; lens by molding because the thickness thereof was large and it was the 
cause of increase in the cost. 

The apparatus of Japanese Laid-open Patent Application No. 4-104213 had the problems that distortion 
remained and that jitter occurred in the period of the number of polygon faces because of a mounting error 
of the polygon mirror being the optical deflector. 

In the apparatus of Japanese Laid-open Patent Application No. 4-50908, aberration was well corrected for 
by use of the f&thetas; lens of higher-order aspherical surfaces, whereas spot diameters in the sub 
scanning direction tended to vary depending upon heights of image because of nonuniformity of 
magnification in the sub scanning direction between the optica! deflector and the scanned surface. 

In addition to the above, the scanning optical devices with the f&thetas; lens comprised of two lenses were 
proposed, for example, in Japanese Laid-open Patent Application No. 56-36622, Japanese Laid-open 
Patent Application No. 61-175607, and so on. The f&thetas; lenses proposed in these were constructed in 
a cross-sectional shape composed of spherical surfaces or weak aspherical surfaces, and with these 
f&thetas; lenses it seemed rather difficult to decrease the scale, decrease the cost, and increase the 
definition. 



SUMMARY OF THE INVENTION 



An object of the present invention is to provide a scanning optical apparatus that is compact and suitable 
for high-definition printing, wherein, for focusing the converging light from the collimator lens on the 
scanned surface by the f&thetas; lens having two lenses via the optical deflector, lens configurations of the 
two lenses forming the f&thetas; lens are arranged adequately, whereby curvature of field and distortion 
are well corrected for and the change of spot diameter depending upon the image heights is prevented. 

A scanning optical apparatus of the present invention is a scanning optical apparatus comprising a first 
optical element for converting a beam emitted from light source means to a converging light beam, a 
second optical element for focusing the beam in a linear shape longitudinal in the main scanning direction 
on a deflective face of a deflecting element, and a third optical element for focusing a beam deflected by 
the deflecting element in a spot shape on a scanned surface, 

wherein the third optical element has a spherical lens and a toric lens in order from the side of the 
deflecting element, surfaces of the spherical lens comprise a meniscus shape of positive refracting power 
with a concave surface faced toward the deflecting element, and the toric lens has two lens surfaces 
formed in aspherical shapes in a main scanning section and comprising a meniscus shape of positive 
refracting power with a convex surface faced toward the deflecting element in the vicinity of the center of 
scan. 



The scanning optical apparatus of the present invention Is characterized, particularly, in that the 
aforementioned toric lens is constructed so that in the main scanning section curvatures of the lens 
surface on the aforementioned scanned surface side continuously change from the center of lens to the 
periphery of lens and signs thereof are inverted in an intermediate portion; 

in that the aforementioned toric lens Is produced by molding of plastic; 
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in that the aforementioned toric lens is constructed so that curvatures of at least one lens surface out of 
the lens surfaces on the aforementioned deflecting element side or on the scanned surface side in sub 
scanning sections change continuously along the main scanning direction; 

in that the curvatures of said at least one lens surface change continuously along the main scanning 
direction in plane symmetry of the lens center; 

in that the aforementioned toric lens is constructed so that the symmetry axis of the main scanning 
direction thereof is inclined in a main scanning plane with respect to the normal of said scanned surface; 
in that when focal lengths of the aforementioned spherical lens and aforementioned toric lens in the main 
scanning section are f6 and f7, respectively, they satisfy the following condition: 
1.6<f6/f7<2.4; 

in that the aforementioned toric lens is decentered In parallel toward the light source means in the main 

scanning section; 

in that the third optical element is constructed so that when an angular magnification of an effective image 

center portion on the scanned surface in a sub scanning section between the aforementioned deflecting 

element and the aforementioned scanned surface is rSC, the angular magnification satisfies the following 

condition: 

0.25 < rSC < 0.67; 

in that refracting power of the aforementioned toric lens in a sub scanning section becomes continuously 
weaker from the center of lens to the periphery of lens and in that the third optical element is constructed 
so that when an angular magnification of an effective image center portion on the scanned surface in a 
sub scanning section between the aforementioned deflecting element and the scanned surface is rSC and 
an angular magnification at an arbitrary position in the entire region of image is rSO, the angular 
magnifications satisfy the following condition: 
0.9 <rSO/rSC< 1.25. 



Another scanning optical apparatus of the present invention is a scanning optical apparatus comprising a 
first optical element for converting a beam emitted from light source means to a converging light beam, a 
second optical element for focusing the beam in a linear shape longitudinal in the main scanning direction 
on a deflective surface of a deflecting element, and a third optical element for focusing a beam deflected 
by the deflecting element in a spot shape on a scanned surface, 

wherein the third optical element has a spherical lens and a toric lens in order from the side of the 
deflecting element, the spherical lens is formed in a meniscus shape of positive refracting power with a 
concave surface faced toward the deflecting element, and the toric lens has two lens surfaces formed in 
aspherical shapes in a main scanning section and comprising a meniscus shape of positive refracting 
power with a convex surface faced toward the deflecting element in the vicinity of the center of scan, and 
wherein when focal lengths of the spherical lens and the toric lens in the main scanning section are f6 and 
f7, respectively, they satisfy the following condition: 
1<f6/f7<10. 



The above scanning optical apparatus of the present invention is characterized, particularly, in that the 
aforementioned toric lens is constructed so that in the main scanning section curvatures of the lens 
surface on the aforementioned scanned surface side continuously change from the center of lens to the 
periphery of lens and signs thereof are inverted in an intermediate portion; 

in that the aforementioned toric lens is produced by molding of plastic; 

in that the aforementioned toric lens is constructed so that curvatures of at least one lens surface out of 
the lens surfaces on the aforementioned deflecting element side or on the scanned surface side in sub 
scanning sections change continuously along the main scanning direction; 

in that the curvatures of said at least one lens surface change continuously along the main scanning 
direction in plane symmetry of the lens center; 

in that the aforementioned toric lens is constructed so that the symmetry axis of the main scanning 
direction thereof is inclined in a main scanning plane with respect to the normal of said scanned surface; 
in that aforementioned toric lens is decentered in^parallel toward the light source means in the main 
scanning section; 

in that the third optical element is constructed so that when an angular magnification of an effective image 
center portion on the scanned surface In a sub scanning section between the aforementioned deflecting 
element and the aforementioned scanned surface is rSC, the angular magnification satisfies the following 
condition: 
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0.25 < rSC < 0.67; or 

in that refracting power of the aforementioned toric lens in a sub scanning section becomes continuously 
weaker from the center of lens to the periphery of lens and in that the third optical element is constructed 
so that when an angular magnification of an effective image center portion on the scanned surface in a 
sub scanning section between the aforementioned deflecting element and the scanned surface is rSC and 
an angular magnification at an arbitrary position in the entire region of image is rSO. the angular 
magnifications satisfy the following condition: 
0.9 <rSO/rSC< 1.25. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a schematic drawing to show the major part of an optical system of a conventional scanning 
optical apparatus; 

Fig. 2 is a cross-sectional view of the major part in the main scanning direction of Embodiment 1 of the 
scanning optical apparatus of the present invention; 

Fig. 3 is a drawing to show curvature of field, distortion, and change of angular magnification in 
Embodiment 1 of the present invention; 

Fig. 4 is a cross-sectional view of the major part in the main scanning direction of Embodiment 2 of the 

scanning optical apparatus of the present invention; 

Fig. 5 is a drawing to show curvature of field, distortion, and change of angular magnification in 
Embodiment 2 of the present invention; 

Fig. 6 is a cross-sectional view of the major part in the main scanning direction of Embodiment 3 of the 
scanning optical apparatus of the present invention; 

Fig. 7 is a drawing to show curvature of field, distortion, and change of angular magnification in 
Embodiment 3 of the present invention; 

Fig. 8 is a cross-sectional view of the major part in the main scanning direction of Embodiment 4, 5, or 6 of 
the scanning optical apparatus of the present invention; 

Fig. 9 is a drawing to show curvature of field, distortion, and changes of angular magnification in 

Embodiment 4 of the present invention; 

Fig. 10 is a drawing to show curvature of field, distortion, and changes of angular magnification in 
Embodiment 5 of the present invention; and 

Fig. 11 is a drawing to show curvature of field, distortion, and changes of angular magnification in 
Embodiment 6 of the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Fig. 2 is a cross-sectional view of the major part in the main scanning direction (in a main scanning 
section) of Embodiment 1 of the scanning optical apparatus according to the present invention. 

In this specification "main scanning direction" means a direction in which the beam is deflected to scan by 

deflectively reflective surface of the optical deflector. Further, "main scanning plane" means a beam plane 
formed with a function of time by the beam deflected to scan by deflectively reflective surface of the optical 
deflector. 

In the drawing, reference numeral 1 designates the light source means, which is comprised, for example, 
of a semiconductor laser. Numeral 2 denotes a collimator lens as a flrst optical element, which converts a 
beam (an optical beam) emitted from the light source means 1 to a converging light beam in the main 
scanning plane. Numeral 3 denotes an aperture stop, which uniforms diameters of the passing beam. 

Numeral 4 represents a cylindrical lens as a second optical element, which has predetermined refracting 
power only in the sub scanning direction (the direction normal to the plane of Fig. 2) and which focuses the 
beam passing through the stop 3 in the form of a nearly linear image on deflectively reflective surface 5a 
of the optical deflector 5, described below, in a sub scanning section perpendicularly intersecting the main 
scanning section and including the optical axis. Accordingly, the beam incident to the optical deflector 5 is 
a linear image longitudinal in the main scanning direction. 
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Numeral 5 indicates the optical deflector, for example, comprised of a polygon mirror (rotary polygon 
mirror) composed of four faces, which is rotated at constant speed in the direction of arrow A in the 
drawing by driving means (not illustrated) such as a motor. 

Numeral 9 denotes an f&thetas; lens (imaging optical system) having the f&thetas; characteristic as a third 
optical element. The third optical element 9 has a spherical lens 6 and a toric lens 7. The third optical 
element 9 focuses the beam according to image information, deflectively reflected by the optical deflector 
5. on a surface of photosensitive drum 8 being a recording medium as a scanned surface and corrects for 
face inclination of the deflective surface of the optical deflector 5. 

In the present embodiment the beam emitted from the semiconductor laser 1 is converted to the 
converging light beam in the main scanning section by the collimator lens 2, the beam (quantity of light) is 
limited by the aperture stop 3, and the beam is made incident to the cylindrical lens 4. The beam incident 
to the cylindrical lens 4 emerges therefrom as it is, in the main scanning section. On the other hand, in the 
sub scanning section the beam is converged to be focused in the form of a nearly linear image (a linear 
image longitudinal in the main scanning direction) on the deflective surface 5a of the optical deflector 
S.Then the beam deflectively reflected by the deflective face 5a of the optical deflector 5 is guided through 
the f&thetas; lens 9 onto the surface of photosensitive drum 8, and the area on the surface of 
photosensitive drum 8 is optically scanned in the direction of arrow B by rotating the optical deflector 5 in 
the direction of arrow A. This achieves image recording. 

Next described are features of the spherical lens 6 and toric lens 7 composing the third optical element 
(f&thetas; lens) 9 in the present embodiment. 

The third optical element 9 is composed of the two lenses, the spherical lens 6 and toric lens 7, each 
having positive refracting power, and distribution of refracting power of the two lenses is adequately 
determined in this case, thereby achieving a good curvature-of-field characteristic. 

When the focal lengths of the spherical lens 6 and toric lens 7 in the main scanning section in this case 
are f6 and f7. respectively, they are determined to satisfy the following condition: 
"(1)" 1 <f6/f7< 10 



When this condition equation (1) is satisfied, curvature of field and distortion are well corrected for. This 
also decreases thicknesses of the both spherical lens 6 and toric lens 7, decreases the cycle time upon 
production thereof by molding of plastic or molding of glass (glass mold), and decreases deformation of 
surface shape upon cooling thereof. 

In the present embodiment a more preferable numerical range of condition equation (1) is as follows: 
•■(1a)." 1.1 <f6/f7<8.5 



Particularly, better optical performance can be attained by the following range: 

"(1b)."1.6<f6/f7<2.4 



If the f&thetas; lens 9 were composed of one toric lens, it would be difficult to maintain spot diameters 
uniform over the entire region on the scanned surface and to maintain variation in curvature of field in 
good order, by only two lens surfaces of the toric lens 7. 

In the present embodiment, therefore, the spherical lens 6 is formed in the meniscus shape of positive 
refracting power with a concave surface faced toward the deflecting element 5, thereby well correcting for 
the curvature of field in this case. 

For mainly maintaining the f&thetas; characteristic and curvature-of-field characteristic both In good order, 
the toric lens 7 is constructed in the main scanning section (in the plane of Fig. 2) in such arrangement: 

that the both lens surfaces 7a, 7b are aspherical; 

that it is formed in the meniscus shape of positive refracting power with a convex surface faced toward the 
deflecting element 5 in the vicinity of the center of scan (the center of the lens); and 
that cun/atures in the main scanning direction of the lens surface 7b on the scanned surface 8 side 
continuously change from the center of the lens (the center of the main scanning range) to the periphery of 
the lens and signs (positive and negative signs) thereof are inverted in the intermediate portion. 
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The toric lens 7 as described well corrects for the curvature of field and distortion in the entire scanning 
range by being constructed in the above shape. 

Further, curvatures of the both lens surfaces 7a, 7b in sub scanning sections (cross sections 
perpendicularly intersecting the main scanning section and including the optical axis) of the toric lens 7 are 
arranged to continuously change in plane symmetry according to distances in the main scanning direction 
from the center of the lens. Image characteristics in the sub scanning direction are maintained good by 
this arrangement. 

The f&thetas; lens 9 is constructed so that when the angular magnification of the effective image center 
portion on the scanned surface 8 in the sub scanning section between the optical deflector 5 and the 
scanned surface 8 is rSC, the angular magnification is arranged to satisfy the following condition: 
"(2)." 0.25 < rSC < 0.67 



This condition equation (2) is a condition for maintaining good image characteristics in the sub scanning 
section while restricting the lens length of the f&thetas; lens 9 in the main scanning direction. Below the 
lower limit of condition equation (2), the effective beam by the spherical lens 6 and toric lens 7 will be 
expanded and the thicknesses of the lenses will increase, thus resulting in losing compactness of the 
lenses. This is not preferable. Above the upper limit of condition equation (2), the image performance of 
the f&thetas; lens 9 composed of the plastic lenses will become unstable depending upon environmental 
changes such as temperature changes. This is not preferable, either. 

Further, the refracting power of the toric lens 7 in the sub scanning section in the present embodiment is 
arranged to continuously become weaker from the center of the lens to the periphery of the lens, and the 
f&thetas; lens 9 is arranged to satisfy the following condition when the angular magnification of the 
effective image center portion on the scanned surface 8 in the sub scanning section between the optical 
deflector 5 and the scanned surface 8 is rSC and an angular magnification at an arbitrary position in the 
entire image region is rSO: 
"(3)." 0.9 <rSO/rSC< 1.25 



This condition equation (3) is a condition for uniforming the spot diameters in the sub scanning section 
from the central portion to the periphery of the scanned surface 8 thereon. Over the upper limit of condition 
equation (3), spot diameters in the periphery of the scanned surface 8 (at the image edges in the main 
scanning direction) will become smaller than those in the central portion, which is not preferred. Under the 
lower limit of condition equation (3), spot diameters in the periphery of the scanned surface 8 will become 
greater than those in the central portion, so that uniformity of spot diameter will be lost in the sub scanning 
section, which is not preferred. Further, increase of spot diameter will lower the peak intensity of spot and 
will in turn result in dispersion of spot diameter due to dispersion of development, which is not preferred. 

In the present embodiment a more preferable numerical range of condition equation (3) is set as follows: 
"(3a)" 0.95 <rSO/rSC< 1.21 



In the present embodiment the lens shape of the toric lens 7 in the main scanning direction is an 
aspherical shape that can be expressed by a function of up to degree 10 and the lens shape thereof in the 
sub scanning direction is a spherical surface continuously changing in the direction of height of image. For 
expressing the lens shape, let us define a coordinate system, for example, in such a manner that the 
origin is located at an intersecting point of the toric lens 7 with the optical axis, the X-axis is taken along 
the direction of the optical axis, the Y-axis along an axis perpendicular to the optical axis in the main 
scanning plane, and the Z-axis along an axis perpendicular to the optical axis in the sub scanning plane. 
Then the lens surface in the generating line direction corresponding to the main scanning direction can be 
expressed by the following equation. 

X = (Y<2>/R)/[1 + {1 - (1 + K)(Y/R<2>)}<1/2>] + B4Y<4> + B6Y<6> + B8Y<8> + B10Y<10> 

(where R is the radius of curvature and K, 84, B6, 88, and BIO are coefficients for aspherical surface.) 

The shape in the sub scanning section is defined so that radii of curvature thereof continuously change 

with change of coordinate of lens surface in the main scanning direction, and the radius of curvature r' at 

coordinate Y on the main scanning plane can be expressed by the following equation. 

r' = r(1 + D2Y<2> + D4Y<4> + D6Y<6> + D8Y<8> + D10Y<10>) 

where r is the radius of curvature on the optical axis and D2, D4, D6, D8, and D10 are coefficients. 

Table 1 below shows the coefficients for indicating the shapes of the lens surfaces and other various 
characteristics in Embodiment 1. Fig. 3 is an explanatory drawing to show aberration diagrams of 
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curvature of field and distortion and change of angular magnification with the reference at the center in 

Embodiment Lit Is seen from the drawing that each of the aberrations is corrected for down to the level 

where there will arise no problem in practical use. 

<tb><TABLE> ld=TABLE 1 Columns=6 

<tb>(unit: mm, E-OX means "10<-X>") 

DATA 

<tb> 

<tb>Head Col 1 AL=L: Wavelength used 

<tb>Head Col 2: lambda (nm) 

<tb>Head Col 3 AL=L: 780 

<tb>Head Col 4 to 6 AL=L:Shape of toric lens 

<tb>lndex of spherical lens<SEP>ns<SEP>1.5255<SEP><SEP>First face<SEP>Second face 
<tb>lndex of toric lens<SEP>nt<SEP>1.5255<SEP>R<SEP>5.11296E+01<SEP>6.91590E+01 
<tb>Angle of incidence to poIygon<SEP>&thetas;i<SEP>-90.0<SEP>K<SEP>-1.04082E+01<SEP>- 
2.06725E+01 

<tb>Max out angle from polygon<SEP>&thetas;;max<SEP>45.0<SEP>B4<SEP>-1.68576E-06<SEP>- 
2.33101 E-06 

<tb>Polygon-spherlcal lens<SEP>e1<SEP>25.0<SEP>B6<SEP>1.96558E-10<SEP>3.54333E-10 
<tb>Center thickness of spherical lens<SEP>d1<SEP>5.6<SEP>B8<SEP>-4.15803E-14<SEP>- 
1.10335E-13 

<tb>Spherlcal lens-toric lens<SEP>e2<SEP>5.4<SEP>B10<SEP>6.03212E-18<SEP>1.67359E-18 
<tb>Center thickness of toric lens<SEP>d2<SEP>8.0<SEP>r<SEP>-2.08401E+01<SEP>-1.05955E+01 
<tb>Toric lens-scanned surface<SEP>Sk<SEP>1 13.5<SEP>D2<SEP>4.58480E-03<SEP>1.65382E-03 
<tb>Degree of convergence by collimator polygon-naturally converging 
polnt<SEP>fc<SEP>312.06<SEP>D4<SEP>5.74867E-06<SEP>-6.59308E-07 
<tb><SEP>D6<SEP>2.52676E-08<SEP>-1.08325E-10 

<tb>Radius of curvature of spherical lens R1 <SEP>R1<SEP>-67.640<SEP>D8<SEP>-4.83224E- 
1 1<SEP>8.36075E-14 

<tb>Radius of curvature of spherical lens R2<SEP>R2<SEP>-59,086<SEP>D10<SEP>1 .67359E- 
18<SEP>2.26003E-19 

<tb><SEP> 

<tb>Focal length of spherical lens<SEP>f6<SEP>725 
<tb>Focal length of toric lens<SEP>f7<SEP>323.7 
<tb>Ratio of the focal lengths<SEP>f6/f7<SEP>2.24 
<tb>Angular magnificatlon<SEP>rsc<SEP>0.40 
<tb></TABLE> 

In the present embodiment the toric lens 7 is shifted 0.5 mm in parallel toward the light source means with 
respect to the normal of the scanned surface 8. Further, the toric lens 7 is arranged so that the symmetry 
axis thereof in the main scanning direction is inclined at 25 minutes clockwise about the rotational axis 
passing through the top point of the lens surface on the optical deflector 5 side in the main scanning plane 
with respect to the normal of the scanned surface 8. The reference of the parallel shift is a principal ray 
parallel to the normal of the scanned surface out of principal rays reflected by the optical deflector 5. 

The surface shape of the toric lens is symmetric both in the generating line direction and in the meridian 
line direction with respect to the optica! axis of the toric lens itself in the main scanning section. 

Fig. 4 is a cross-sectional view of the major part in the main scanning direction (a main scanning cross- 
sectional view) of Embodiment 2 of the scanning optical apparatus according to the present Invention. In 
the drawing the same elements as those shown in Fig. 2 are denoted by the same reference numerals. 

The present embodiment is different from Embodiment 1 of Fig. 2 In that spherical lens 26 and toric lens 
27 composing the third optical element 29 are constructed in respective lens shapes optimum for the 
polygon mirror composed of the four faces, as shown in Table 2 below. The other structure and optical 
action are substantially the same as in above Embodiment 1, thereby achieving the same effect. 

Table 2 below shows the coefficients for indicating the shapes of the lens surfaces and other various 
characteristics In Embodiment 2. Fig. 5 Is an explanatory drawing to show aberration diagrams of 
curvature of field and distortion and change of angular magnification with the reference at the center in 
Embodiment 2. It is seen from the drawing that each of the aberrations is corrected for down to the level 
where there will arise no problem in practical use. 
<tb><TABLE> ld=TABLE 2 Columns=6 
<tb>DATA 
<tb> 

<tb>Head Col 1 AL=L: Wavelength used 
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<tb>Head Col 2: lambda (nm) 

<tb>Head Col 3 AL=L: 780 

<tb>Head Col 4 to 6 AL=L:Shape of toric lens 

<tb>lndex of spherical lens<SEP>ns<SEP>1.5242<SEP><SEP>First face<SEP>Second face 
<tb>lndex of toric lens<SEP>nt<SEP>1.5242<SEP>R<SEP>4.12315E+01<SEP>4.76163E+01 
<tb>Angle of incidence to polygon<SEP>&thetas;i<SEP>-90.0<SEP>K<SEP>-7.35357E+00<SEP>- 
1.06514E+01 

<tb>Max out angle from polygon<SEP>&thetas;;max<SEP>45.0<SEP>B4<SEP>-2.19394E-06<SEP>- 
2.59911 E-06 

<tb>Polygon-spherical lens<SEP>e1<SEP>25.0<SEP>B6<SEP>1.53043E-10<SEP>1.77243E-10 
<tb>Center thickness of spherical lens<SEP>d1<SEP>5.6<SEP>B8<SEP>-1.12193E-13<SEP>- 
4.19341E-14 

<tb>Spherical lens-toric lens<SEP>e2<SEP>5.4<SEP>B10<SEP>2.49607E-17<SEP>-2.73683E-17 

<tb>Center thickness of toric lens<SEP>d2<SEP>8.0<SEP>r<SEP>-2.05362E+01<SEP>-106757E+01 
<tb>Toric lens-scanned surface<SEP>Sk<SEP>113.5<SEP>D2<SEP>3.75941E-03<SEP>1.65667E-03 
<tb>Degree of convergence by collimator polygon-naturally converging 
point<SEP>fc<SEP>312.06<SEP>D4<SEP>4.91305E-06<SEP>-6.73059E-07 
<tb><SEP>D6<SEP>1 ,36972E-08<SEP>-9.9201 5E-1 1 

<tb>Radius of curvature of spherical lens R1<SEP>R1<SEP>-43.465<SEP>D8<SEP>-2.45565E- 

11<SEP>8.32087E-14 

<tb>Radius of curvature of spherical lens R2<SEP>R2<SEP>-38.995<SEP>D10<SEP>3.51609E- 

14<SEP>1.96687E-18 

<tb><SEP> 

<tb>Focal length of spherical lens<SEP>f6<SEP>505.54 
<tb>Focal length of toric lens<SEP>f7<SEP>409.94 
<tb>Ratio of the focal lengths<SEP>f6/f7<SEP>1.233 
<tb>Angular magnification<SEP>rsc<SEP>0.404 
<tb></TABLE> 

In the present embodiment the toric lens 27 is shifted 0.2 mm in parallel toward the light source means 
with respect to the normal of the scanned surface 8. Further, the toric lens 27 is arranged so that the 
symmetry axis thereof in the main scanning direction Is inclined at 25 minutes clockwise about the 
rotational axis passing through the top point of the lens surface on the optical deflector 5 side in the main 
scanning plane with respect to the normal of the scanned surface 8. 

Fig. 6 is a cross-sectional view of the major part in the main scanning direction (a main scanning cross- 
sectional view) of Embodiment 3 of the scanning optical apparatus according to the present Invention. In 
the drawing the same elements as those shown in Fig. 2 are denoted by the same reference numerals. 

The present embodiment is different from Embodiment 1 of Fig. 2 in that spherical lens 36 and toric lens 
37 composing the third optical element 39 are constructed in respective lens shapes optimum for the 
polygon mirror composed of the four faces, as shown in Table 3 below. The other structure and optical 
action are substantially the same as in above Embodiment 1, thereby achieving the same effect. 

Table 3 below shows the coefficients for indicating the shapes of the lens surfaces and other various 
characteristics in Embodiment 3. Fig. 7 is an explanatory drawing to show aberration diagrams of 
curvature of field and distortion and change of angular magnification with the reference at the center in 
Embodiment 3. It is seen from the drawing that each of the aberrations is corrected for down to the level 
where there will arise no problem in practical use. 
<tb><TABLE> ld=TABLE 3 Columns=6 
<tb>DATA 
<tb> 

<tb>Head Col 1 AL=L: Wavelength used 

<tb>Head Col 2: lambda (nm) 

<tb>Head Col 3 AL=L: 780 

<tb>Head Col 4 to 6 AL=L:Shape of toric lens 

<tb>lndex of spherical lens<SEP>ns<SEP>1.5242<SEP><SEP>First face<SEP>Second face 
<tb>lndex of toric lens<SEP>nt<SEP>1 .5242<SEP>R<SEP>6.23395E+01 <SEP> 1 . 1 3261 E+02 
<tb>Angle of incidence to polygon<SEP>&thetas;i<SEP>-90.0<SEP>K<SEP>-1.31335E+01<SEP>- 
5.22153E+01 

<tb>Max out angle from polygon<SEP>&thetas;;max<SEP>45.0<SEP>B4<SEP>-1.47004E-06<SEP>- 
2.01508E-06 

<tb>Polygon-spherical lens<SE?>>e1<SEP>25.0<SEP>B6<SEP>2.19952E-10<SEP>1.89102E-10 
<tb>Center thickness of spherical lens<SEP>d1<SEP>5.6<SEP>B8<SEP>-8.37295E-14<SEP>- 
4.80242E-14 
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<tb>Spherical lens-toric lens<SEP>e2<SEP>5.4<SEP>B10<SEP>1.39711E-17<SEP>-1.54869E-17 
<tb>Center thickness of toric lens<SEP>d2<SEP>9.15<SEP>r<SEP>-1.81836E+01<SEP>-1.02296E+01 
<tb>Toric lens-scanned surface<SEP>Sk<SEP>112.35<SEP>D2<SEP>4.98453E-03<SEP>1.52646E-03 
<tb>Degree of convergence by collimator polygon-naturally converging 
point<SEP>fc<SEP>312.06<SEP>D4<SEP>5.91930E.06<SEP>-6.58541E-07 
<tb><SEP>D6<SEP>1 .85391 E-08<SEP>-2.56142E-1 1 

<tb>Radius of curvature of spherical lens R1<SEP>R1<SEP>-192.19<SEP>D8<SEP>-2.65573E- 
11<SEP>1.00622E-13 

<tb>Radius of curvature of spherical lens R2<SEP>R2<SEP>-164.06<SEP>D10<SEP>3.46167E- 
14<SEP>-2.36684E-17 

<tb><SEP> 

<tb>Focal length of spherical lens<SEP>f6<SEP>1996.9 
<tb>Focal length of toric lens<SEP>f7<SEP>248.50 
<tb>Ratio of the focal lengths<SEP>f6/f7<SEP>8.036 
<tb>Angular magnification<SEP>rsc<SEP>0.424 
<tb></TABLE> 

In the present embodiment the toric lens 37 is shifted 0.4 mm in parallel toward the light source means 
with respect to the normal of the scanned surface 8. Further, the toric lens 37 is arranged so that the 
symmetry axis thereof in the main scanning direction is inclined at 25 minutes clockwise about the 
rotational axis passing through the top point of the lens surface on the optical deflector 5 side in the main 
scanning plane with respect to the normal of the scanned surface 8. 

Embodiments A, 5, and 6 of the scanning optical apparatus of the present invention will be described 
below. In Embodiments 4, 5. and 6 the shapes of the respective lenses are common in the main scanning 
section, and Fig. 8 is a cross-sectional view of the major part in the main scanning direction (a main 
scanning cross-sectional view), which is common to Embodiments 4, 5, and 6. In the drawing the same 
elements as those shown in Fig. 2 are denoted by the same reference numerals. 

Each of Embodiments 4, 5, and 6 is different from Embodiment 1 of Fig. 2 described above only 

in that the polygon mirror as a deflecting element is composed of six faces for the purpose of high-speed 
printer; and 

in that the spherical lens and toric lens composing the third optical element are constructed in respective 
lens shapes optimum for the polygon mirror composed of the six faces, as shown in Table 4, 5, or 6 below. 

The other structure and optical action of each embodiment 4, 5, or 6 are substantially the same as in 
Embodiment 1 described above, thereby achieving the same effect. 

Table 4, 5, or 6 shows the coefficients for expressing the shapes of the lens surfaces and other various 
characteristics in each embodiment 4, 5, or 6. Fig. 9, 10, or 1 1 is an explanatory drawing to show 
aberration diagrams of cun/ature of field and distortion and change of angular magnification with the 
reference at the center in each embodiment 4, 5, or 6. It is seen from each drawing that each of the 
aberrations is corrected for down to the level where there will arise no problem in practical use. 
<tb><TABLE> ld=TABLE 4 Columns=6 
<tb>(unit: mm, E-OX means "10<-X>") 
DATA 
<tb> 

<tb>Head Col 1 AL=L: Wavelength used 

<tb>Head Col 2: lambda (nm) 

<tb>Head Co!3AL=L: 780 

<tb>Head Col 4 to 6 AL=L:Shape of toric lens 

<tb><SEP>lndex of spherical lens<SEP>ns<SEP>1.5242<SEP><SEP>First face<SEP>Second face 
<tb><SEP>lndex of Joric lens<SEP>nt<SEP>1.5242<SEP>R<SEP>6.23341E+01<SEP>8.68550E+01 
<tb><SEP>Angle of incidence to polygon<SEP>&thetas;i<SEP>-60.0<SEP>K<SEP>- 
9.37019E+00<SEP>-1.83238E+01 

<tb><SEP>Max out angle from polygon<SEP>&thetas;;max<SEP>41.0<SEP>B4<SEP>-1.4761QE- 
06<SEP>-1.86679E-06 

<tb><SEP>Polygon-sphericai lens<SEP>e1<SEP>36.4<SEP>B6<SEP>3.46212E-10<SEP>3.86512E-10 

<tb><SEP>Center thickness of spherical lens<SEP>d1<SEP>5.3<SEP>B8<SEP>-1.18693E-13<SEP>- 
1.22439E-13 

<tb><SEP>Spherical lens-toric lens<SEP>e2<SEP>2.5<SEP>B10<SEP>1.71530E-17<SEP>1,09562E- 
17 

<tb><SEP>Center thickness of toric lens<SEP>d2<SEP>7.8<SEP>r<SEP>-2.11003E-»-01<SEP>- 
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1.15000E+01 

<tb><SEP>Toric lens-scanned 

surface<SEP>Sk<SEP>122<SEP>D2<SEP>O.00OOOE-*-0O<SEP>2.27836E-O4 

<tb><SEP>Degree of convergence by collimator polygon-naturally converging 

point<SEP>fc<SEP>339.6<SEP>D4<SEP>7.00000E-07<SEP>-1.18222E-07 

<tb><SEP>D6<SEP>0.00000E+00<SEP>2.93772E-10 

<tb><SEP>Raclius of curvature of spherical lens R1<SEP>R1<SEP>- 

260.40<SEP>D8<SEP>O.OOOOOE+00<SEP>-1.80466E-13 

<tb><SEP>Radius of curvature of spherical lens R2<SEP>R2<SEP>- 

150.90<SEP>D10<SEP>O.OOOOOE+00<SEP>3,58710E-17 

<tb><SEP> 

<tb><SEP>Focal length of spherical lens<SEP>f6<SEP>673.6 
<tb><SEP>Focal length of toric lens<SEP>f7<SEP>3797 
<tb><SEP>Ratio of the focal lengths<SEP>f6/f7<SEP>1.77 
<tb><SEP>Angular magnificatlon<SEP>rsc<SEP>0.43 
<tb></TABLE> 

<tb><TABLE> ld=TABLE 5 Columns=6 

<tb>DATA 

<tb> 

<tb>Head Co! 1 AL=L: Wavelength used 

<tb>Head Col 2: lannbda (nm) 

<tb>Head Col 3 AL=L: 780 

<tb>Head Cot 4 to 6 AL=L:Shape of toric lens 

<tb>lndex of spherical lens<SEP>ns<SEP>1.5242<SEP><SEP>First face<SEP>Second face 
<tb>lndex of toric lens<SEP>nt<SEP>1.5242<SEP>R<SEP>6.23341E+01<SEP>8.68550E+01 
<tb>Angle of incidence to poIygon<SEP>&thetas;i<SEP>-60.0<SEP>K<SEP>-9.37019E+00<SEP>- 
1.83238E+01 

<tb>Max out angle from polygon<SEP>&thetas;;max<SEP>41.0<SEP>B4<SEP>-1.47610E-06<SEP>- 

1.86679E-06 

<tb>Polygon-spherical lens<SEP>e1<SEP>36,4<SEP>B6<SEP>3.46212E-10<SEP>3.86512E-10 
<tb>Center thickness of spherical lens<SEP>d1<SEP>5.3<SEP>B8<SEP>-1.18693E-13<SEP>- 
1.22439E-13 

<tb>Spherical lens-toric lens<SEP>e2<SEP>2.5<SEP>B10<SEP>171530E-17<SEP>1.09562E-17 

<tb>Center thickness of toric lens<SEP>d2<SEP>7.8<SEP>r<SEP>-2.11003E+01<SEP>-1.15000E+01 

<tb>Toric lens-scanned surface<SEP>Sk<SEP>122<SEP>D2<SEP>1.50000E-03<SEP>7.05420E-04 

<tb>Degree of convergence by collimator polygon-naturally converging 

point<SEP>fc<SEP>339.6<SEP>D4<SEP>-6.50000E-07<SEP>-5.30841E-07 

<tb><SEP>D6<SEP>0.00000E+00<SEP>1.72712E-10 

<tb>Radius of curvature of spherical lens R1<SEP>R1<SEP>- 

260.4O<SEP>D8<SEP>0.O00O0E+0O<SEP>-1 .21 162E-14 

<tb>Radius of curvature of spherical lens R2<SEP>R2<SEP>- 

150.90<SEP>D10<SEP>O.OOOOOE+00<SEP>-8.50250E-18 

<tb><SEP> 

<tb>Focal length of spherical lens<SEP>f6<SEP>673.6 
<tb>Focal length of toric lens<SEP>f7<SEP>3797 
<tb>Ratio of the focal lengths<SEP>f6/f7<SEP>177 
<tb>Angular magnification<SEP>rsc<SEP>0.43 
<tb></TABLE> 

<tb><TABLE> ld=TABLE 6 Columns=6 

<tb>DATA 

<tb> 

<tb>Head Col 1 AL=L: Wavelength used 

<tb>Head Col 2: lambda (nm) 

<tb>Head Col 3 AL=L: 780 

<tb>Head Col 4 to 6 AL=L:Shape of toric lens 

<tb><SEP>lndex of spherical lens<SEP>ns<SEP>1.5242<SEP><SEP>First face<SEP>Second face 
<tb><SEP>lndex of toric lens<SEP>nt<SEP>1.5242<SEP>R<SEP>6.23341E+01<SEP>8.68550E+01 
<tb><SEP>Angle of incidence to polygon<SEP>&thetas;i<SEP>-60.0<SEP>K<SEP>- 
9.37019E+00<SEP>-1.83238E+01 

<tb><SEP>Max out angle from polygon<SEP>&thetas;;max<SEP>41.0<SEP>B4<SEP>-1.47610E- 
06<SEP>-1.86679E-06 

<tb><SEP>Polygon-spherical lens<SEP>e1<SEP>36.4<SEP>B6<SEP>3.46212E-10<SEP>3.86512E-10 

<tb><SEP>Center thickness of spherical lens<SEP>d1<SEP>5.3<SEP>B8<SEP>-1.18693E-13<SEP>- 

1.22439E-13 
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<tb><SEP>Spherical lens-toric lens<SEP>e2<SEP>2.5<SEP>B10<SEP>1.71530E-17<SEP>l09562E- 
17 

<tb><SEP>Center thickness of toric lens<SEP>d2<SEP>7.8<SEP>r<SEP>-2.11003E+01<SEP>- 
115000E+01 

<tb><SEP>Toric lens-scanned surface<SEP>Sk<SEP>122<SEP>D2<SEP>2.47000E- 
03<SEP>9.61160E-04 

<tb><SEP>Degree of convergence by collimator polygon-naturally converging 
point<SEP>fc<SEP>339.6<SEP>D4<SEP>-1.38000E-06<SEP>-8.93747E-07 
<tb><SEP>D6<SEP>-1.76000E-09<SEP>2.33314E-10 

<tb><SEP>Radius of curvature of spherical lens R1<SEP>R1<SEP>-260.40<SEP>D8<SEP>1.70000E- 

12<SEP>1.30810E-15 

<tb><SEP>Radius of curvature of spherical lens R2<SEP>R2<SEP>-150.90<SEP>D10<SEP>-4.00000E- 

16<SEP>-7.97730E-18 

<tb><SEP> 

<tb><SEP>Focal length of spherical lens<SEP>f6<SEP>673.6 
<tb><SEP>Focal length of toric lens<SEP>f7<SEP>379.7 
<tb><SEP>Ratio of the focal lengths<SEP>f6/f7<SEP>1.77 
<tb><SEP>Angular magnification<SEP>rsc<SEP>0.43 
<tb></TABLE> 

In each embodiment 4, 5, or 6 the spherical lens and toric lens both are shifted 0.2 mm in parallel toward 
the light source means with respect to the normal of the scanned surface 8. Further, in each embodiment 
4, 5, or 6 the toric lens is arranged so that the symmetry axis thereof in the main scanning direction is 
inclined at 36 minutes clockwise about the rotational axis passing through the top point of the lens surface 
on the deflecting element 5 side in the main scanning plane with respect to the normal of the scanned 
surface. 

The present invention can well correct for the aberration including the curvature of field and distortion and 
can minimize the influence of change of spot diameter depending upon heights of image or the like, by 
such arrangement that, for focusing the converging light from the collimator lens on the scanned surface 
by the f&thetas; lens comprised of the two lenses via the optical deflector, the lens shapes of the two 
lenses of the f&thetas; lens are set adequately as described above, whereby the present invention can 
achieve the scanning optical apparatus that is compact and suitable for high-definition printing. 

Since the center thickness of each lens of the f&thetas; lens along the optical-axis direction can be made 
thinner by the arrangement of the f&thetas; lens comprised of the two lenses, the tact time of molding can 
be decreased when the two lenses are made by molding of plastic, whereby a cheaper scanning optical 
apparatus can be realized. 

A scanning optical apparatus includes a light source device, a first optical element for converting a beam 
emitted from the light source device to a converging light beam, a deflecting element for deflecting the 
beam emitted from the light source device, a second optical element for focusing the beam emerging from 
the first optical element in a linear shape longitudinal in a main scanning direction on a deflective face of 
the deflecting element, and a third optical element for focusing the beam deflected by the deflecting 
element in a spot shape on a scanned surface. The third optical element has a spherical lens and a toric 
lens in order from the side of the deflecting element, surfaces of the spherical lens comprise a meniscus 
shape of positive refracting power with a concave surface faced toward the deflecting element, and the 
toric lens has two lens surfaces formed in aspherical shapes in a main scanning section and comprising a 
meniscus shape of positive refracting power with a convex surface faced toward the deflecting element in 
the vicinity of a center of scan. 
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1. A scanning optical apparatus comprising: 
light source means; 

a first optical element for converting a beam emitted from said light source means to a converging light 

beam; 

a deflecting element for deflecting the beam emitted from said light source means; 

a second optical element for focusing the beam emerging from said first optical element in a linear shape 

longitudinal in a main scanning direction on a deflective face of said deflecting element; and 

a third optical element for focusing the beam deflected by said deflecting element in a spot shape on a 

scanned surface, 

wherein said third optical element has a spherical lens and a toric lens in order from the side of the deflecting 
element, surfaces of the spherical lens comprise a meniscus shape of positive refracting power with a 
concave surface faced toward the deflecting element, and the toric lens has two lens surfaces formed in 
aspherical shapes in a main scanning section and comprising a meniscus shape of positive refracting power 
with a convex surface faced toward the deflecting element in the vicinity of a center of scan. 



2. A scanning optical apparatus according to Claim 1. wherein said toric lens is constructed so that in the 

main scanning section curvatures of the lens surface thereof on the side of said scanned surface 
continuously change- from the center of the lens to the periphery of lens and signs thereof are inverted in an 
intermediate portion thereof. 

3. A scanning optical apparatus according to Claim 1 , wherein said toric lens is produced by molding of 
plastic. 

4. A scanning optical apparatus according to Claim 1, wherein said toric lens is constructed so that 
curvatures of at least one lens surface thereof out of the lens surfaces on the side of said deflecting element 
or on the side of the scanned surface in sub scanning sections change continuously along the main scanning 
direction. 

5. A scanning optical apparatus according to Claim 4, wherein the curvatures of said at least one lens surface 
change continuously along the main scanning direction in plane symmetry of the lens enter. 

6. A scanning optical apparatus according to Claim 1, wherein said toric lens is constructed so that a 
symmetry axis thereof in the main scanning direction is inclined with respect to the normal of said scanned 
surface in a main scanning plane. 

7. A scanning optical apparatus according to Claim 1, wherein when focal lengths of said spherical lens and 
said toric lens in the main scanning section are f6 and f7, respectively, the focal lengths satisfy the following 

condition: 
1.6<f6/f7<2.4. 



8. A scanning optical apparatus according to Claim 1, wherein said toric lens is decentered in parallel toward 
the light source means in the main scanning section. 

9. A scanning optical apparatus according to Claim 1, wherein said third optical element is arranged so that 
when an angular magnification of an effective image center portion on the scanned surface in a sub scanning 
section between said deflecting element and said scanned surface is rSC, the angular magnification rSC 
satisfies the following condition: 

0.25 < rSC < 0.67. 



10.A scanning optical apparatus according to Claim 1 , wherein refracting power of said toric lens in a sub 
scanning section becomes continuously weaker from the center of the lens to the periphery of the lens and 
said third optical element is arranged so that when an angular magnification of an effective image center 
portion on the scanned surface in a sub scanning section between said deflecting element and said scanned 
surface is rSC and an angular magnification at an arbitrary position in an entire region of an Image is rSO, the 
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angular magnifications satisfy the following condition: 
0.9<rS0/rSC< 1.25. 



11. A scanning optical apparatus comprising: 
light source means; 

a first optical element for converting a beam emitted from said light source means to a converging light 
beam; 

a deflecting element for deflecting the beam emitted from said light source means; 

a second optical element for focusing the beam emerging from said first optica! element in a linear shape 

longitudinal in a main scanning direction on a deflective face of said deflecting element; and 

a third optical element for focusing the beam deflected by said deflecting element in a spot shape on a 

scanned surface, 

wherein said third optical element has a spherical lens and a toric lens in order from the side of the deflecting 
element, the spherical lens comprises a meniscus shape of positive refracting power with a concave surface 
faced toward the deflecting element, and the toric lens has two lens surfaces formed in aspherical shapes in 
a main scanning section and comprising a meniscus shape of positive refracting power with a convex 
surface faced toward the deflecting element in the vicinity of a center of scan, and 

wherein when focal lengths of said spherical lens and said toric lens in the main scanning section areJ6 and 
f7, respectively, the focal lengths satisfy the following condition: 
1<f6/f7< 10. 



12. A scanning optical apparatus according to Claim 11, wherein said toric lens is constructed so in the main 
scanning section that curvatures of the lens surface thereof on the side of said scanned surface continuously 
change from the center of the lens to the periphery of lens and signs thereof are inverted in an intermediate 
portion thereof. 

13. A scanning optical apparatus according to Claim 11. wherein said toric lens is produced by molding of 
plastic. 

14. A scanning optical apparatus according to Claim 11, wherein said toric lens is constructed so that 
curvatures of at least one lens surface thereof out of the lens surfaces on the side of said deflecting element 
or on the side of the scanned surface in sub scanning sections change continuously along the main scanning 
direction. 

15. A scanning optical apparatus according to Claim 14, wherein the curvatures of said at least one lens 
surface change continuously along the main scanning direction in plane symmetry of the lens center. 

16. A scanning optical apparatus according to Claim 11, wherein said toric lens is constructed so that a 
symmetry axis thereof in the main scanning direction is inclined with respect to the normal of said scanned 
surface in a main scanning plane. 

17. A scanning optical apparatus according to Claim 11, wherein said toric lens is decentered in parallel 
toward the light source means in the main scanning section. 

18. A scanning optical apparatus according to Claim 11, wherein said third optical element is arranged so 
that when an angular magnification of an effective image center portion on the scanned surface in a sub 
scanning section betvveen said deflecting element and said scanned surface is rSC, the angular 
magnification rSC satisfies the following condition: 

0.25 < rSC < 0.67. 



19.A scanning optical apparatus according to Claim 11, wherein refracting power of said toric lens in a sub 
scanning section becomes continuously weaker from the center of the lens to the periphery of the lens and 
said third optical element is arranged so that when an angular magnification of an effective image center 
portion on the scanned surface in a sub scanning section between said deflecting element and said scanned 
surface is rSC and an angular magnification at an arbitrary position In an entire region of an Image is rSO, the 
angular magnifications satisfy the following condition: 
0.9 <rSO/rSC< 1.25. 



20.A laser beam printer apparatus comprising: 
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light source means; 

a first optical element for converting a beam emitted from said light source means to a converging light 
beam; 

a deflecting element for deflecting the beam emitted from said light source means; 

a second optical element for focusing the beam emerging from said first optical element in a linear shape 

longitudinal in a main scanning direction on a deflective face of said deflecting element; 

a recording medium; and 

a third optical element for focusing the beam deflected by said deflecting element in a spot shape on a 
surface of said recording medium, 

wherein said third optical element has a spherical lens and a toric lens in order from the side of the deflecting 
element, surfaces of the spherical lens comprise a meniscus shape of positive refracting power with a 
concave surface faced toward the deflecting element, and the toric lens has two lens surfaces formed in 
aspherical shapes in a main scanning section and comprising a meniscus shape of positive refracting power 
with a convex surface faced toward the deflecting element in the vicinity of a center of scan. 



21. A laser beam printer apparatus according to Claim 20, wherein said toric lens is constructed so that in the 
main scanning section curvatures of the lens surface thereof on the side of said surface of the recording 
medium continuously change from the center of the lens to the periphery of lens and signs thereof are 
inverted in an intermediate portion thereof. 

22. A laser beam printer apparatus according to Claim 20, wherein said toric lens is produced by molding of 
plastic. 

23. A laser beam printer apparatus according to Claim 20, wherein said toric lens is constructed so that 
curvatures of at least one lens surface thereof out of the lens surfaces on the side of said deflecting element 
or on the side of the surface of the recording medium in sub scanning sections change continuously along 
the main scanning direction. 

24. A laser beam printer apparatus according to Claim 23, wherein the curvatures of said at least one lens 
surface change continuously along the main scanning direction in plane symmetry of the lens center. 

25. A laser beam printer apparatus according to Claim 20, wherein said toric lens is constructed so that a 
symmetry axis thereof in the main scanning direction is inclined with respect to the normal of said surface of 
the recording medium in the main scanning plane. 

26. A laser beam printer apparatus according to Claim 20, wherein when focal lengths of said spherical lens 
and said toric lens In the main scanning section are f6 and f7, respectively, the focal lengths satisfy the 
following condition: 

1.6<f6/f7<2.4. 



27. A laser beam printer apparatus according to Claim 20, wherein said toric lens is decentered in parallel 
toward the light source means in the main scanning section. 

28. A laser beam printer apparatus according to Claim 20, wherein said third optical element is arranged so 
that when an angular magnification of an effective image enter portion on the surface of the recording 
medium in the sub scanning section between said deflecting element and said surface of the recording 
medium is rSC. the angular magnification rSC satisfies the following condition: 

0.25 < rSC < 0.67. 



29.A laser beam printer apparatus according to Claim 20, wherein refracting power of said toric lens in a sub 
scanning section becomes continuously weaker from the center of the lens to the periphery of the lens and 
said third optical element is arranged so that when an angular magnification of an effective image center 
portion on the surface of the recording medium in a sub scanning section between said deflecting element 
and said surface of the recording medium is rSC and an angular magnification at an arbitrary position in an 
entire region of an image is rSO, the angular magnifications satisfy the following condition: 
0.9<rS0/rSC< 1.25. 



30.A laser beam printer apparatus comprising: 
light source means; 
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a first optical element for converting a beam emitted from said light source means to a converging light 

beam; 

a deflecting element for deflecting the beam emitted from said light source means; 

a second optical element for focusing the beam emerging from said first optical element in a linear shape 

longitudinal in a main scanning direction on a deflective face of said deflecting element; 

a recording medium; and 

a third optical element for focusing the beam deflected by said deflecting element in a spot shape on a 
surface of said recording medium, 

wherein said third optical element has a spherical lens and a toric lens in order from the side of the deflecting 
element, the spherical lens comprises a meniscus shape of positive refracting power with a concave surface 
faced toward the deflecting element, and the toric lens has two lens surfaces formed in aspherical shapes in 
a main scanning section and comprising a meniscus shape of positive refracting power with a convex 
surface faced toward the deflecting element in the vicinity of a center of scan, and 

wherein when focal lengths of said spherical lens and said toric lens in the main scanning section are f6 and 
f7, respectively, the focal lengths satisfy the following condition: 
1 < f6/f7 < 10. 



31. A laser beam printer apparatus according to Claim 30, wherein said toric lens is constructed so that in the 
main scanning section curvatures of the lens surface thereof on the side of the surface of said recording 
medium continuously change from the center of the lens to the periphery of lens and signs thereof are 

inverted in an intermediate portion thereof. 

32. A laser beam printer apparatus according to Claim 30, wherein said toric lens is produced by molding of 
plastic. 

33. A laser beam printer apparatus according to Claim 30, wherein said toric lens is constructed so that 
curvatures of at least one lens surface thereof out of the lens surfaces on the side of said deflecting element 
or on the side of the surface of the recording medium in sub scanning sections change continuously along 
the main scanning direction. 

34. A laser beam printer apparatus according to Claim 33. wherein the curvatures of said at least one lens 
surface change continuously along the main scanning direction in plane symmetry of the lens center. 

35. A laser beam printer apparatus according to Claim 30, wherein said toric lens is constructed so that a 
symmetry axis thereof in the main scanning direction is inclined with respect to the normal of said surface of 

the recording medium in a main scanning plane. 

36. A laser beam printer apparatus according to Claim 30, wherein said toric lens is decentered in parallel 
toward the light source means in the main scanning section. 

37. A laser beam printer apparatus according to Claim 30. wherein said third optical element is arranged so 
that when an angular magnification of an effective image center portion on the surface of the recording 
medium in a sub scanning section between said deflecting element and said surface of the recording 
medium is rSC, the angular magnification rSC satisfies the following condition: 

0.25 < rSC < 0.67, 



38. A laser beam printer apparatus according to Claim 30, wherein refracting power of said toric lens in a sub 
scanning section becomes continuously weaker from the center of the lens to the periphery of the lens and 
said third optical element is arranged so that when an angular magnification of an effective image center 
portion on the surface of the recording medium in a sub scanning section between said deflecting element 
and said surface of the recording medium is rSC and an angular magnification at an arbitrary position in an 
entire region of an image is rSO, the angular magnifications satisfy the following condition: 
0.9 <rSO/rSC< 1.25. 

Data supplied from the esp@cenet database - Worldwide 



hltp://v3.espacenet.com/textclam?DB=EPODOC&lDX=CN 1 1 85591 &F=0&QPN=CN1 1 85591 



4/21/2006 



